Surface dispersion properties in the southwestern Gulf of Mexico are studied by using a set of 441 drifters released during a 7-yr period and tracked for 2 months on average. The drifters have a drogue below the surface Ekman layer, so they approximately follow oceanic currents. This study follows two different approaches: First, two-particle (or pair) statistics are calculated [relative dispersion and finite-scale Lyapunov exponents (FSLEs)]. Relative dispersion estimates are consistent with theoretical dispersion regimes of twodimensional turbulence: an exponential growth during the first 3 days, a Richardson-like regime between 3 and 20 days (in which relative dispersion grows as a power law in time), and standard dispersion (linear growth) for longer times. The FSLEs yield a power-law regime for scales between 10 and 150 km but do not detect an exponential regime for short separations (less than 10 km). Robust estimates of diffusivities based on both relative dispersion and FSLEs are provided. Second, two different dispersion scenarios are revealed by drifter trajectories and altimetric data and supported by two-particle statistics: (i) a south-to-north advection of drifters, predominantly along the western shelf of the region, and (ii) a retention of drifters during several weeks at the Bay of Campeche, the southernmost part of the Gulf of Mexico. Dominant processes that control the dispersion are the arrival of anticyclonic Loop Current eddies to the western shelf and their interaction with the semipermanent cyclonic structure in the Bay of Campeche.
Introduction
The turbulent nature of the oceans and the atmosphere governs the dispersion of physical, chemical, and biological tracers in geophysical fluids. In oceanic studies of surface dispersion, floating drifters are often used to calculate the statistical properties of their distribution as they spread. In this article, we analyze the dispersion of surface drifters in the Gulf of Mexico (GM) and identify dominant dispersion scenarios associated with the mesoscale circulation. The study is focused on the southwestern part of the GM (hereinafter referred to as SGM).
There are important reasons for studying dispersion in the SGM. For instance, large areas over the continental shelf are home to many offshore rigs and oil platforms. It is of interest, therefore, to study the short-and long-term fate of pollutants released in the SGM. In particular, it is relevant to determine whether a cloud of tracers will remain in the south or, otherwise, will spread toward northern regions. From a physical point of view, dispersion studies based on the behavior of a large number of drifters are fundamental to elucidate essential features of oceanic turbulence. Two different approaches are followed: First, twoparticle statistics will be discussed in order to investigate the presence of dispersion regimes in the region. Pair statistics are determined by considering the relative dispersion between particles (the mean square pair separation as a function of time; see, e.g., LaCasce 2008) and by calculating the so-called finite-scale Lyapunov exponents (FSLEs; the mean separation rate between drifters as a function of their separation; Artale et al. 1997) . With these computations we aim to get a better understanding of the turbulent dispersion in the region.
Theoretical models describing local and nonlocal relative dispersion are considered. Nonlocal dispersion refers to the influence of flow structures larger than the separation between particles (LaCasce 2008), which leads to an exponential growth of the relative dispersion. By contrast, local dispersion is associated with structures of similar size as the particle separations, and it is characterized by a relative dispersion that grows as a power law in time. Local and nonlocal dispersion might be present at different spatial scales, and hence they are useful to identify regimes of turbulent dispersion. For a two-dimensional flow local and nonlocal dispersion can be related with the slope of the energy spectrum, which is important to parameterize the effect of small scales in numerical models (LaCasce 2010) .
Several observational and numerical studies have explored dispersion regimes in other regions (e.g., Ollitrault et al. 2005; Haza et al. 2008; Lumpkin and Elipot 2010; Zavala Sansón 2015) but not yet in the SGM. There are important previous studies in the northern GM. For instance, LaCasce and Ohlmann (2003) investigated both relative dispersion and FSLEs, using drifters with initial separations of ;1 km from the Surface Current and Lagrangian Drift Program (SCULP) experiment in two regions of the northern shelf of the GM (Ohlmann and Niiler 2005) . They found an exponential regime for relative dispersion at early times, associated with nonlocal dispersion. More recently, Poje et al. (2014) studied the dispersion of a large number of drifters (;300) deployed during the Grand Lagrangian Deployment (GLAD) experiment in the area of the 2010 Deepwater Horizon oil spill. They reported a Richardson-like regime from small scales (less than 1 km) to a few hundred kilometers. Beron-Vera and LaCasce (2016) addressed the dispersion regimes in that same region using a large number of synthetic trajectories from a high-resolution model of the GM. Their results indicate that relative dispersion is initially nonlocal for small initial separations and then evolves toward standard dispersion (uncorrelated pair motions) for separations larger than 100 km. We will discuss the presence of local, nonlocal, and standard dispersion in the SGM.
Second, we identify dispersion scenarios determined by the mesoscale circulation in the SGM. We show that the presence and/or interaction of large mesoscale vortices play a key role on drifter dispersion (Olascoaga et al. 2013) . One of the main mesoscale circulation features in the SGM are the well-known anticyclonic Loop Current eddies (LCEs; with 150 to 300 km in diameter) originally formed at the eastern side of the GM, which usually travel westward until reaching the western margin (Vukovich 2007) . Another salient feature is the Campeche Gyre (CG), a semipermanent cyclone at the Bay of Campeche (Monreal-Gómez and Salas de León 1997). Based on oceanographic data, Vázquez de la Cerda et al. (2005) documented this feature and concluded that it is seasonally forced by the wind. Using surface drifters and moorings, Pérez-Brunius et al. (2013) found that the CG is generally located in the western Bay of Campeche, probably topographically confined by the southwestern Mexican shelf and the bathymetry at 948W. Its forcing mechanism is not fully understood yet (Cordero-Quirós 2015) . Another important characteristic of the SGM is the presence of intense currents along its western margin that can flow in either direction. On the continental shelf, the direction of the flow depends on the along-coast winds or the presence of eddies interacting with the shelf (ZavalaHidalgo et al. 2003; Dubranna et al. 2011) . Over the continental shelf break, a western boundary current flowing northward is present throughout the year, driven by the wind stress curl over the northern GM (Sturges 1993; DiMarco et al. 2005) . Its intensity varies with the seasonal variability of the wind curl and, at synoptic scales, by the presence of mesoscale eddies (Dubranna et al. 2011) .
We find two distinct dispersion scenarios. One of them is dominated by a northward advection of drifters, mainly due to the approach of LCEs to the western shelf and their interaction with the CG. A second scenario involves retention of drifters in the SGM for several weeks.
The paper is organized as follows: In section 2, the dataset is described. Two-particle statistics (relative dispersion and FSLEs) are shown in section 3, which reflect the dispersion properties over the entire region of study and over several years. In section 4, we focus on dispersion scenarios associated with mesoscale features. The results are discussed in section 5.
Data

a. Drifters
The set of drifters used in this study is part of a long-term program of oceanographic observations in the GM funded by the Mexican oil industry [Petróleos Mexicanos (PEMEX)] and conducted by the Canek Group from Centro de Investigación Científica y de Educación Superior de Ensenada (CICESE). Being part of a large observational program, the deployment of the drifters was originally designed to study mesoscale circulation features at the southern and central regions of the GM. The large number of launched drifters (see below) allowed us to calculate two-particle statistics and identify dominant dispersion mechanisms associated with mesoscale vortices.
Several groups of surface drifters were released by aircraft between September 2007 and June 2014, most of them in the SGM. Last records were obtained during August 2014. We use Far Horizon Drifters (FHD; Horizon Marine, Inc.), which consist of a cylindrical buoy attached to a parachute that serves as drogue at a nominal depth of 50 m when the buoy drifts in the water (Anderson and Sharma 2008; Sharma et al. 2010 ). In the presence of vertical shear the ''para-drogue'' may move upward, as observed in the highly sheared Loop Current (S. Anderson, Horizon Marine, Inc., 2008, personal communication) . In the SGM, where the vertical shear is expected to be less intense, we estimate that the drogue is likely to stay within 15-20 m of its nominal depth. Mixed layer depths in the GM vary greatly with season, from ;20 m in the summer to over 100 m in winter [see, e.g., Zavala-Hidalgo et al. 2014] . Hence, the drifter movement is likely due to mixed layer flow at least during the cold half of the year. The geographical positions were tracked with a GPS receiver. Additional information on the drifters' performance and some preprocessing steps on the data are described by Pérez-Brunius et al. (2013) .
A total of 441 drifters were considered, whose initial position lied inside the SGM, as shown in Fig. 1a . The drifters were released by following different strategies. A total of 85 drifters were launched in different places over the SGM (Fig. 1a, magenta dots) , especially at the beginning of the program. The remaining 356 drifters were deployed near five preferential locations selected to sample different regions (Fig. 1a, blue dots) . The drifters recorded hourly positions, which were interpolated to regular 3-and 6-h intervals. If a drifter trajectory had an empty record longer than 24 h, then only the initial segment before the information gap is considered. The time of release and the lifetimes of each drifter are presented in Fig. 1b . The average duration of the records is 62 days with a standard deviation of 47 days. The longest lifetime was 218 days. Figures 1c and 1d show the initial trajectories from two deployment sites during 30 days or less for drifters with a shorter lifetime. The first 15-day segments are colored differently than the subsequent sections, which helps to reveal circulation features. Several drifters launched at the western deployment location (Fig. 1c) are retained in the SGM, below 228N, during the first 15 days. This is due to the frequent development of the semipermanent CG at the Bay of Campeche, which is clearly denoted by many trajectories. When some drifters are able to escape northward during the following 15 days, they do it preferentially along the western side of the GM. Drifters released at the eastern site ( Fig. 1d) tend to move northwestward, and most of them are not trapped by the CG. The drifters hardly move toward the central GM and practically never penetrate into the Yucatan shelf at the eastern side. Rodríguez-Outerelo (2015) discussed some of these observations with the same dataset, together with some quantitative estimates: for instance, 32% of the drifters are retained in the Bay of Campeche after 100 days of release, and the residence times are highly variable with a median of 32 days. Work is in progress by one of the authors (PPB) to present these and several other diagnostic measurements with individual drifters. Point source dispersion from the deployment sites is examined in a parallel study (Zavala Sansón et al. 2017 ).
b. Pairs
Two-particle statistics quantify the separation of two drifters in time and averages over several pairs. As the drifters were released over a period of a few years and in different locations, we perform calculations using the socalled original and chance pairs (LaCasce and Ohlmann 2003) . Original pairs correspond to drifters that were deployed simultaneously, while chance pairs consist of drifters that approach each other at some time past their release. This is usually done in dispersion studies in order to increase the sampling universe when available data are sparse and difficult to obtain (LaCasce 2008).
The ensembles of drifter pairs for the calculation of relative dispersion and FSLE need to be defined differently. Relative dispersion depends on the initial particle separations (Babiano et al. 1990 ); hence, we considered four pair sets (classes) defined by initial separations between 0 and 2, 4 and 6, 9 and 11, and 29 and 31 km. The number of pairs in each class as a function of time is shown in Fig. 2a . For the calculation of FSLEs, the pairs are grouped in separation intervals (hereinafter, bins) that are 5 km wide and centered at midwidth. The first bin is centered at 2.5 km and the last one is centered at 297.5 km. Figure 2b shows the number of pairs as a function of the initial separation bins.
Two-particle statistics
The evolution of drifter pairs is studied by measuring their relative dispersion (section 3a) and by calculating FSLEs (section 3b). The results identify dispersion regimes at different temporal and spatial scales and quantify diffusivities.
a. Relative dispersion
Relative dispersion refers to the mean-square separation of particle pairs, and it measures how a cloud of particles spreads in time (LaCasce 2008):
where N is the number of pairs initially separated by a given distance D 0 , and x p,q i are the positions of particles p and q, with subindex i 5 1, 2 indicating the zonal and meridional components, respectively. The relative diffusivity is defined as half the rate of change of dispersion:
The different relative dispersion regimes in geophysical flows depend on the initial separations D 0 with respect to the forcing injection scale D I . In the ocean, D I is usually regarded as the scale at which energy is injected to mesoscale eddies by, for example, baroclinic instabilities (Babiano et al. 1990) , and it is estimated as the internal Rossby radius of deformation. Here, we measure D 2 i directly from drifter data and then compare with theoretical dispersion regimes expected for twodimensional turbulence (presented in the appendix). Figure 3 shows plots of relative dispersion components calculated from (1), using sets of pairs with different initial separations. Both components grow at a similar rate, showing that dispersion is isotropic during 15-20 days, approximately. After 20 days, the growth of zonal dispersion is diminished, presumably due to the presence of the western boundary of the GM, while the meridional component continues growing for a longer period. The fitted curves suggest three different regimes: 1) an exponential growth from 0 to 3 days, 2) a power law from 3 to 18 days, and 3) a linear growth in time after 20 days, which , respectively. From 3 to 18 days the best fit of a power law in time is shown; errors of the exponents are 0.19, 0.12, 0.09, and 0.05, respectively. From 20 to 100 days a linear curve is drawn.
indicates standard dispersion (more evident for the meridional component). These dispersion regimes are further explored below. The curves are calculated by using 91, 138, 163, and 377 pairs at day 0 for each separation class, respectively. These numbers decreased to 55, 78, 98, and 232 pairs at day 20, respectively ( Fig. 2a) . The fitting coefficients and the corresponding errors are determined by least squares. The errors are very small (less than 10%). However, the error size is sensitive to the time interval chosen to make the fit, that is, by increasing or reducing the number of data in the fitting interval, the exponents might vary another 5%-10%. The relative dispersion alone is not conclusive to determine dispersion regimes, as discussed by LaCasce (2010) [see also Koszalka et al. (2009) and Lumpkin and Elipot (2010) ], mainly because at early times it might be possible to fit either a power law in time or an exponential growth. A method used to distinguish dispersion regimes is the probability density functions (PDFs) of pair separations. In the context of a twodimensional, isotropic turbulent flow, analytical PDFs of the exponential and Richardson regimes have been calculated in previous studies, as shown in the appendix. The aim here is to analyze whether or not such theoretical profiles represent the measured PDFs and the corresponding moments. Since dispersion is nearly isotropic up to about 20 days, we will use the total dispersion D 2 . Figure 4 shows examples of the PDFs at fixed times t a , rescaled with the corresponding standard deviation of the separations (Jullien et al. 1999; Scatamacchia et al. 2012) . Superposed to the PDF bars are the theoretical curves for the exponential (gray) and Richardson (dashed) To determine whether the theoretical distributions are similar to the observed PDFs as they evolve in time, we apply the Kolmogorov-Smirnov (KS) test (BeronVera and LaCasce 2016). The result of the test is positive (the theoretical and empirical distributions are not significantly different) when the Kolmogorov-Smirnov probability p is larger than 0.05 (the significance level). The results from 1 to 10 days are shown in the insets of Fig. 4 Using the T and b values, the theoretical curves of relative dispersion, (A4) and (A8) in the appendix, are calculated. Figure 5 shows a comparison with the curves computed with data, using the same initial separations as before. As a reference, the asymptotic curve t 3 of the Richardson regime is included as well as the linear dispersion curve t for long times. The data are well fit by both the exponential and Richardson curves during the first days for all initial separations, as shown in the PDFs analysis. At intermediate times (up to 15-20 days) the Richardson curve represents much better all cases. For longer times, dispersion grows as t, as in the standard dispersion regime.
We also considered the time-dependent, normalized, fourth moment of the particle separations or kurtosis K (see appendix). The kurtosis measures the relative weight of the tails of a distribution, and its time evolution provides information about the PDF similarity. Figure 6 presents the kurtosis estimated from data for the four sets of pairs with different initial separations. The theoretical curve for the exponential regime [(A5)] is also included as well as the asymptotic value of the Richardson (K 5 5.6) and standard dispersion (K 5 2) regimes. The kurtosis for the shortest separation (0-2 km; Fig. 6a ) rapidly grows to high values (more than 20), approximately following the exponential growth of the theoretical curve. This result agrees with the analysis of the PDFs and supports the hypothesis of nonlocal dispersion. This statement cannot be conclusive, however, because the errors are significant for higher-order statistics. Koszalka et al. (2009) found a very similar behavior of the kurtosis in time and a corresponding large error using data from the Nordic Seas. For larger initial separations (4-5 and 9-11 km; Figs. 6b,c), the kurtosis approaches the asymptotic value of the Richardson regime at intermediate times. For later times, the kurtosis in all cases tends to the asymptotic limit of standard dispersion.
Relative diffusivity Y is calculated as half the time derivative of the relative dispersion curve. Figure 7 shows the diffusivities in terms of the separation scale as well as those derived from the theoretical models. The curves tend to follow the 4/3 Richardson's law [(A6)], a behavior that is further examined with the FSLEs in next subsection.
b. Finite-scale Lyapunov exponents
A different approach to study particle pairs is to use distance as the independent variable, which leads to the FSLEs (Artale et al. 1997) . For this measure, two particles initially separated a distance d are considered; then the time t at which the two drifters separate a given distance ad is calculated, with a . 0 (here we use a 5 ffiffi ffi 2 p ). The calculation is repeated for all available pairs. The FSLEs are defined as exponential regime characterized by constant l is not observed. A possible reason is the bin size (5 km), which is comparable to the scale range expected for this regime (as inferred from the relative dispersion plots for short separations). Smaller bins were calculated, but they contain very few pairs, making the statistics unreliable. For larger distances, an intermediate dispersion regime is identified by fitting a straight line between 12.5 and 147.5 km. This closely corresponds with the Richardson regime, for which the slope is 22/3. For larger distances (between 150 and 300 km), the curves do not become steeper, and therefore the standard diffusion regime results is about 120 for the smallest bin d ; 2.5 km and rapidly grows to more than 1500 for d ; 180 km (Fig. 2b) .
Dispersion scenarios in the SGM
To draw the dispersion scenarios, we first identify the periods in which the presence of mesoscale vortices affect the distribution of drifters (section 4a), and then we examine the statistical properties of dispersion at these times (section 4b).
a. Dominant mesoscale features
In terms of dispersion, the most relevant mesoscale features in the SGM are the anticyclonic vortices shed by the Loop Current at the eastern GM (defined as LCEs in the introduction) and the semipermanent cyclonic structure at the Bay of Campeche (defined as CG), located at the southernmost region of the GM. The most important processes in which these structures are involved are (i) the passage of the LCEs through the region as they drift westward, (ii) their collision with the western shelf, and (iii) the development of the CG and its interactions with the LCEs.
The occurrence and evolution of these processes are examined during the whole period of study (84 months). The procedure consisted of superposing all available drifter trajectories for each month, together with the satellite altimetry map at day 15 of the corresponding month. From this analysis, two dispersion scenarios are identified: 1) An intense south-to-north advection of drifters, which takes place predominantly along the western shelf of the GM. It is mostly related with the interaction of LCEs with the CG located in the southernmost region. During this process, anticyclones capture drifters in the periphery of the CG and strongly push them northward along the western boundary of the SGM. Some other features that might play a role are western boundary currents and smaller vortices along the shelf. 2) A retention or blocking of drifters at the Bay of Campeche during several weeks. This scenario occurs when the CG is well formed and confined to southern latitudes, where drifters are retained.
The northward advection scenario is observed in 26 months, the blocking scenario takes place in 26 different months, and during 32 months neither of the two scenarios is clearly present. The northward advection scenario is identified when 25% of drifters in a given month move beyond 248N. The blocking scenario is determined when 75% of the drifters remain south from 228N. The scenarios may occur at any time of the year because the mesoscale circulations like the LCEs or the CG are not significantly associated with any season.
The northward advection and the blocking of drifters might be linked. Figure 9 presents a sequence of six consecutive months that illustrate the alternate occurrence of both scenarios. In November 2011 the CG is clearly formed at 208N, 958W; as a consequence, there is an almost complete retention of drifters in the south. Meanwhile, an irregular LCE is arriving from the east at 248N. In December 2011 the CG has a welldefined elliptical shape, oriented in the northwestsoutheast direction, apparently due to the approach of the LCE at 238N, 938W. In January 2012, the interaction between the LCE and the CG is evident from the strong deformations in both structures. During this month, the intense northward advection scenario is verified, as the drifter trajectories clearly indicate. In February 2012 the anticyclone continues approaching the shelf and starts blocking the northward passage of drifters. The CG is strongly deformed and further confined to southern latitudes in March 2012, so the blocking scenario is verified again. The collision of the anticyclone with the shelf continues in April 2012. During this process the vortex is notably damped and displaced northward, allowing the passage of drifters to the north again.
b. Relative dispersion and FSLEs
Here, we calculate pair statistics for the dispersion scenarios in order to illustrate quantitative differences between them. Relative dispersion components during the northward advection and blocking events are presented in Figs. 10a and 10b , respectively, for mean initial separations of 30 km. The curves are calculated with (1) but now using only the available pairs in the corresponding periods of 26 months. There are nearly 150 pairs at early times and about 80 pairs after 20 days. In both cases the dispersion is isotropic up to 5 days, approximately. After this time, the northward advection scenario (Fig. 10a ) becomes anisotropic, with the meridional component growing faster than the zonal component. Power laws in time are fitted to both components between 3 and 20 days, in which the exponent clearly differs between the zonal and the meridional components. In contrast, during the blocking scenario (Fig. 10b ) relative dispersion remains isotropic up to 20 days, indicating that there is no preferred direction during the spread of drifters retained in the SGM. The FSLEs are calculated for the dispersion scenarios. The l versus d curves are shown in Fig. 11a . Analogous to the general case, the exponential regime (constant l at small d) is not observed. For intermediate separations (between 47.5 and 122.5 km), a Richardson-like regime is found in both scenarios, with a slope somewhat smaller than 22/3 (0.56 6 0.07). However, at about d ; 125 km the curves clearly diverge: the northward advection case approximately follows the same trend, while the blocking scenario decays faster. The associated slope between 127.5 and 297.5 km is 21.23 6 0.05, indicating a slower dispersion than for shorter separations but not as steep as 22, as in standard diffusion. Diffusivities in terms of d are calculated and plotted in Fig. 11b . The divergence of the curves for the two dominant scenarios is captured again. Note that the scaledependent diffusivities approximately follow the 4/3 Richardson's law in the first range, while the diffusivity in the blocking case is sensibly decreased in the second range. The number of pairs within the d ranges in which the power laws are fitted is more than 200.
Discussion and conclusions
In section 3, we calculated two-particle statistics for a large set of drifters in the SGM, and in section 4, two particular dispersion scenarios were identified, which were clearly linked with the mesoscale circulation. We will now discuss the results separately.
a. Dispersion properties in the SGM
Relative dispersion, PDFs of separations, and kurtosis as function of time support the presence of an exponential regime at early times for short initial separations (0-2 km). This assertion is based on the fact that the time-dependent statistics show a similar trend as the theoretical PDFs and their moments, despite the associated errors, as shown, for example, in Figs. 3a to 6a . The e-folding time is between 0.5 and 1 day. Similar analyses were performed both for the SCULP and GLAD datasets in the northern GM by LaCasce (2010) and Beron-Vera and LaCasce (2016), respectively. In both cases the authors concluded that dispersion is nonlocal in that region, with an e-folding time of ;1 day. In the Nordic Seas, Koszalka et al. (2009) found an e-folding time of roughly 0.5 days.
For larger separations we find an exponential growth of relative dispersion (for instance, in Figs. 3c,d ). However, this does not imply an exponential regime because the PDFs and the corresponding kurtosis do not behave as in this model, as shown in Figs. 4c and 4d and 5c and 5d. An important conclusion is that an exponential growth in relative dispersion does not necessarily imply the presence of nonlocal dispersion (LaCasce 2010). The power-law regime of relative dispersion found at later times (between 3 and 20 days) can be regarded as a Richardson-like regime, a result that is supported by the PDFs and their moments.
The FSLEs also detect a Richardson-like regime for scales between 10 and 150 km, approximately (Fig. 8a) . However, the FSLEs fail to detect both the exponential regime for short separations and the standard dispersion regime for larger scales. Some possible explanations for this might be related to the inherent limitations of the FSLEs (Karrasch and Haller 2013) . Another reason might be the influence of inertial motions, which affect scale-dependent statistics like the FSLEs, while keeping time-dependent metrics (PDFs and statistical moments) unaffected (Beron-Vera and LaCasce 2016). Also, for small separation ranges the FSLE calculations can be sensitive to data temporal resolution (Lumpkin and Elipot 2010) . Therefore, in terms of general dispersion properties, the FSLEs are mainly used to determine the Richardson-like range and to estimate the scaledependent diffusivities (d 2 l) according to the 4/3 Richardson's law. When comparing with relative diffusivities, it is found that Y ; 3d 2 l (Fig. 8b) . Care should be taken when interpreting the possible presence of a Richardson regime. Superdiffusive regimes with a power-law behavior t g (g . 1) have been reported in some other studies. For example, LaCasce and Ohlmann (2003) reported g ; 2.2 in the northern continental shelf of the GM, Haza et al. (2008) found g ; 1.9 in the Adriatic Sea, and Zavala Sansón (2015) measured g ; 1.7 along the Gulf of California. This behavior is attributed to shear dispersion by some of these authors. Here, we observed that most of the drifters tend to escape over the western shelf of the GM, where strong shear is probably present. Beron-Vera and LaCasce (2016) pointed out the importance of the number of independent samples in the drifter dataset. By means of high-resolution numerical experiments, these authors showed that releasing particles at very close initial positions (;1 km) in a very compact area leads to having very few independent pairs, which in turn obscures the exponential regime in favor of the Richardson regime. Their simulations mimicked the drifters in the GLAD experiment conducted in the northern GM (Poje et al. 2014) . Based on these results, Beron-Vera and LaCasce (2016) recommend to measure two-particle statistics with sets of pairs distributed over a wide range of scales in order to get a large number of independent samples able to detect both local and nonlocal dispersion. In the present study we use a large set of drifters (441), most of them released at very different locations and at different times during a 7-yr period, that is, most of them were not simultaneously released. As a result, most of realizations can be considered independent.
b. Dispersion scenarios
Another fundamental result is that the surface Lagrangian dispersion is strongly influenced by mesoscale circulations related with some characteristic vortical structures at the SGM. The most important mesoscale processes consist of the approach of anticyclonic LCEs to the western shelf, the eventual collision with the topography, and the interaction with the CG. From these processes, two main dispersion scenarios emerged. One of them consists of the northward advection of drifters, mostly related with the interaction of LCEs with the CG located in the southernmost region. The other scenario is the blocking of drifters in the SGM associated with the size, strength, and frequent formation of the CG, which acts as a retention feature. In some cases the presence of a LCE that has approached the western shelf might inhibit the northward motion of drifters and contribute to the retention at the south.
There are a number of additional situations that might generate advection or retention of drifters from the SGM, such as the generation and/or merging of smaller cyclones and anticyclones in the region. There is also the presence of the western boundary current associated with the wind stress curl over the northern GM (Sturges 1993; DiMarco et al. 2005 ) that might be responsible for the northward advection of drifters, particularly in summer when it is strongest. Nevertheless, most of exchange of drifters with the northern GM seems to be driven by the interaction of the CG with LCEs. Two-particle statistics were calculated in order to distinguish both scenarios quantitatively. It was verified that relative dispersion is anisotropic during the northward advection scenario; the meridional component grows faster than the zonal component. By contrast, relative dispersion is isotropic during the blocking events. The FSLEs showed an intermediate Richardsonlike regime, between 50 and 120 km, for both scenarios. At about 125 km the FSLE curves diverge abruptly: the northward advection curve maintains the same tendency, while the blocking curve drops.
The results might have important implications for dispersion problems in the SGM because of the retentive nature of the CG. Consider, for instance, the release of a patch of tracers somewhere in the region and the consequent necessity to know their evolution. By examining altimetry maps or the output of operational numerical simulations, the presence of LCEs and the development of the CG could be determined. Then, depending on the position, size, and strength of these structures, it might be possible to infer the occurrence of one of the dispersion scenarios or even the consecutive occurrence of both of them, as in the example shown in Fig. 9 . The prediction might fail in several cases; for instance, when the LCEs or the CG are not present or clearly defined or when there are additional structures or complicated patterns not considered here. Nevertheless, knowing the essential role of the dominant mesoscale features provides a useful tool to forecast the evolution of floating objects or substances in the SGM.
It has been shown that the continuous release of drifters during several years in the region shed important light on their fate due to the surface circulation. With this information we have been able to calculate not only general dispersion properties but also depict some basic scenarios that provide a practical tool for understanding dispersion mechanisms and help the prediction of future tracer trajectories. However, the present results are still a rough estimation of dominant dispersion events. To improve such estimations, more detailed studies (using large sets of drifters and suitable deployment strategies) are required. Exploración y Producción under CICESE-PEMEX Contracts SAP 428217896, 428218855, and 428229851. This is a contribution of the Gulf of Mexico Research Consortium (CIGoM), supported by the National Council of Science and Technology of Mexico-Secretariat of Energy-Hydrocarbons Trust, Project 201441. We thank P. García, A. Ronquillo, and J. I. González for quality control and postprocessing of the drifter data.
APPENDIX
Turbulent Dispersion Regimes
Consider a set of particles in a homogeneous, isotropic, two-dimensional, turbulent flow. The original theory of Richardson (1926) assumes that, as the particles spread, the PDF of relative separations D obeys a Fokker-Planck equation
where P is the PDF, and Y is the relative diffusivity, which in general depends on D. Solutions of this equation for different forms of Y(D) are presented in detail by LaCasce (2010) and Graff et al. (2015) [see also Beron-Vera and LaCasce (2016)]. Here, we summarize some relevant results for our own purposes. Let D I be the energy injection scale. When D 0 , D I the particles separate exponentially under the influence of structures larger than the initial separation distance (nonlocal dispersion). This is the enstrophy cascade regime in two-dimensional turbulence (Lin 1972) , in which the diffusivity is proportional to the relative dispersion, 
and the relative dispersion is
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The kurtosis grows exponentially at the same rate as the relative dispersion
indicating that the PDF is not self-similar: its peak becomes shaper and the tails are increasingly extended. This regime is usually referred to as exponential, Kraichnan-Lin law (Babiano et al. 1990) or Lundgren regime (LaCasce 2010). For initial separations D 0 $ D I , the (inverse) energy cascade regime is verified, in which the diffusivity is assumed as 
with M the Kummer's function. The asymptotic limit for long times is D 2 ' 5:2675b 3 t 3 , which expresses the wellknown t 3 behavior of relative dispersion within the Richardson regime. The kurtosis varies from K 5 1 at t 5 0 to the asymptotic value K 5 5.6 for later times, so the PDF becomes self-similar.
For D 0 D I , particles are sufficiently far from each other at a much larger scale than the energy-containing eddies. Thus, they disperse randomly, and the diffusivity is approximately constant (Y } constant). This is the standard diffusion regime. The relative dispersion is proportional to time D 2 5 2Yt and the kurtosis is K 5 2 (the PDF is self-similar).
